In this research work, the performance parameters, such as fill factor (FF), external offquantum efficiency (EQE), maximum power density and photon absorption profile of a planar hetero-junction poly 3-hexyl thiophene (P3HT) / phenyl-C61-butyric acid methyl ester (PCBM) photovoltaic cell has been simulated for different values of exciton diffusion length and thickness of donor layer where the simulation has been performed under the consideration of incident solar radiation of 1 kW/m 2 irradiance, Air mass of 1.5, ambient temperature of 300K and Indium Tin Oxide (ITO) and Aluminium (Al) has been considered as the anode and cathode of the P3HT/PCBM solar cell respectively. The performance parameters and photon absorption profile of the P3HT/PCBM organic solar cell has been simulated for donor and acceptor layer thickness of 50, 60 and 70 nm and exciton diffusion length of 10, 15 and 20 nm. Finally, highest External Quantum Efficiency of 2.41% and Maximum Power Density of 24.10 W/m 2 has been obtained for exciton diffusion length of 20 nm and donor thickness of 50 nm.
Introduction
Flexibility, non-toxicity, transparency, large coating area, easy integration with different devices have made the organic semiconductors highly efficient with great economic advantages. Molecules of organic semiconductors can be synthesized and tailored in less cost consuming way and according to the application purpose. Mixture of the Poly-3 hexyl thiophene (P3HT) as the donor and phenyl-C61 butyric acid methyl ester (PCBM) as the acceptor [1] [2] [3] is the most researched organic PV materials. The chemical structure of the P3HT and PCBM is shown in Figure 1 . Two basic structures of an OPV Cell: Plana Hetero-junction (PHJ) and Bulk Hetero-junction (BHJ) OPV cell [4] [5] . Active layer or light absorbing layer of an OPV cell consists of two organic semiconductors, which are called donor (D) and acceptor (A). A Planar Hetero-junction solar cell (PHJ) with separate donor and acceptor layer are shown in figure 2(a). However, BHJ type organic solar cell is also a commonly used structure of OPV devices, which consists of blended or randomly intermixed donor-acceptor materials fabricated by spin-coating shown in Figure 2 (c) [7] . Operating principle of an OPV cell is performed by four sequential steps [shown in Figure 2 ]. Chemical Structure of Poly (3 hexylthiophene-2,5-diyl ) (P3HT) and phenyl-C61 butyric acid methyl ester (PCBM) [6] Firstly, the incident photon transmits thorough the anode (ITO) and absorbed at the active layer of the OPV cell, creaing bound electron-hole pair, called Excitons, which diffuse in the OPV material (step 2) until they reach to an interface, where the charge transfer (CT) state forms, (step 3) with the electron in the acceptor material and the hole in the donor. The excitons irreversibly lost to selfrecombination if the distance of the interface is beyond the diffusion length (Lex ≈ (5−20) nm) [8] . Finally, the CT states dissociate into free carriers (electrons and holes) which are transported toward the respective electrodes by the built in hetero-junction electric field (step 4). Using the energy band diagram of the PHJ device, basic current components are represented in Figure 2 (b). Here, Jex is the exciton diffusion flux, assuming that exciton dissociation efficiency is unity, Jph is the photocurrent or the rate of charge extraction, and Jrec is the self-recombination rate at the interface, such that Jex ≡ Jph (V ) + Jrec(V ). The detailed analytical derivation of the photo-current is given in the reference [10] [11] . The carrier concentration profile [ Figure 2 (d)] obtained by numerical simulation describe that rate at which the concentration of charge carriers varies at the active layer due to diffusion. The increase in carrier concentrations leads to high recombination (Jrec ≈ γnp) loss. Here, n and p are the electron and hole densities, respectively, and γ is the bimolecular recombination coefficient [12] [13].
Simulation
In the structure of the organic solar cell, Poly 3-hexyl thiophene (P3HT) and Phenyl-C61-butyric acid methyl-ester (PCBM) has been used as the donor layer and acceptor layer respectively. Indium Tin Oxide (ITO) and Aluminum has been considered as the Anode and cathode material of the cell respectively. The simulation is performed under the condition of 1 kW/m 2 incident solar radiation,1.5 AM and 300K ambient temperature.
Performance Analysis of P3HT/PCBM Solar Cell for varying Exciton Diffusion Length:
Light IV characteristics (AM=1.5) of the P3HT/PCBM planar heterojunction solar cell has been studied considering the Exciton Diffusion Length 10 nm and donor layer thickness of 50 nm. After that, the simulation of Light IV characteristics has been performed by increasing the value of exciton diffusing length to 15 nm and 20 nm. The light IV characteristics simulation curve has been shown on Figure 3 2 , respectively has been obtained. Thus, solar cell with high external Q.E and maximum power p.u area, is obtained for higher value of photo-generated exciton diffusion length. For higher value of exciton diffusion length, the photo generated exciton will travel longer distance before recombination and so, more charge carriers (electrons/holes) will be generated and collected at ITO anode/ Al cathode terminal. So, higher external Q.E and output power density is obtained.
Performance Analysis of P3HT/PCBM Solar cell for varying donor layer Thickness:
The performance parameters, like FF, EQE and Maximum power per unit area of the organic solar cell have been simulated for varying the thickness of the cell. The active layer of the P3HT/PCBM solar cell contains separate donor (P3HT) layer and acceptor (PCBM) layer. By varying the hydrocarbon chain of the organic semiconductors, the thickness of the active layer of the organic solar cell can be varied. The light IV characteristics of the P3HT/PCBM Planar Hetero-junction solar cell has been simulated for different values of active layer thickness, particularly donor layer thickness. The simulation curve of light IV characteristics of the organic solar cell has been shown in Fig. 4(a) . Power-voltage characteristics for varying the active layer thickness of the P3HT/PCBM cell has also been simulated and shown in Fig. 4(b) . Here, initially the donor thickness is considered 50 nm, with acceptor layer thickness of 50 nm. The exciton diffusion length at donor is considered 25 nm. The performance parameters of the organic cell are then determined, Fill Factor 0.603, external Q.E. 2.17% and maximum power per unit area 21.73 W have been obtained. Then, keeping the acceptor layer thickness fixed to 50 nm, the donor thickness is increased to 60 nm and 70 nm. For 60 nm thick donor layer, FF 0.577, EQE 1.81% and Maximum power 18.16 W/m 2 , for 70 nm thick donor layer, FF 0.540, EQE 1.50 % and maximum power per unit area 15.03 W have been obtained. So, it has been found that, increasing the thickness of active layer of organic solar cell, the efficiency and maximum output electrical power of the cell decreases. By increasing the thickness of the active layer, recombination phenomena of carriers dominate in the active layer, which lowers the life time of the charge carriers in active layer. Moreover, space charge becomes more and more important as the thickness of the device increases because it creates more field free regions with low collection efficiency.
Study of Photon Absorption Profile of P3HT/PCBM Planar Hetero-junction Solar cell:
In the organic solar cell, when sun light is absorbed, bound electron-hole pair forms in the active layer of the cell. These pairs are called exciton. Excitons are distributed through the active layer of the solar cell. In planar hetero-junction organic solar cell, active layers contain separate donor layer and acceptor layer. The photo generated excitons diffuse through the active layer of the solar cell and reach at the donor-acceptor hetero-junction interface, where the electric field separates the electrons and hole carriers. Photon absorption profile is the rate at which photons are absorbed at the active layer of the cell. It is directly related to the number of photo-generated excitons at the active layer. In this work, the photon absorption profile of the P3HT/PCBM solar cell has been studied with varying the thickness of the active layer. The donor lowest unoccupied molecular orbital (LUMO), acceptor LUMO, donor highest occupied molecular orbital (HOMO) and acceptor HOMO has been considered at 3.0, 3.7, 4.9 and 6.1 (eV) respectively. Photon absorption profile for varying the donor layer thickness is shown in Figure 5(a) . Here, the acceptor layer thickness is considered 50 nm and remains fixed. This simulation is performed by varying the donor layer thickness to 50 nm, 60 nm, 70 nm and the photon absorption profile is observed from Figure 5(a) . Here, it is studied that, the photon absorption at donor layer of low thickness is higher than that of the layer of high thickness. Ideally, active layer of a solar cell of high thickness is good for light absorption because of it's large area. But, in case of organic solar cell, the recombination length of the charge carriers at the active layer of organic solar cell is smaller than that of the other solar cells. So, when exciton diffuse through the thick active layer of the organic solar cell, some of the charge carriers recombine with each other. So, due to the recombination effect, some excitons disappear from the active layers of high thickness. As a result, due to short recombination length of charge carriers at organic solar cell, the photon absorption, as well as the no. of photo generated excitons in the active layer of large thickness is smaller than that of the active layer of small thickness. At the donor-acceptor interface of the active layer, the photon absorption is very low, where the exciton separates to the free charge carriers. Photon absorption profile has also been studied with varying acceptor thickness. Here, the donor layer thickness is fixed to 50 nm and acceptor layer thickness is varied to 60 nm, 70 nm and 80 nm. The simulation curve of the photon absorption profile with varying acceptor thickness is shown in Figure 5 (b). 
Results
From the simulation, it has been seen that, the EQE and maximum output power density of the P3HT/PCBM PHJ cell is increased with decreasing the thickness of the donor layer of the cell and increasing the exciton diffusion length at the active layer. After analyzing the simulation of photon absorption profile of the organic solar cell with varying donor and acceptor layer thickness, it has been studied that, enhanced absorption of the charge carriers at the active layer of the cell can be achieved with decreasing the thickness of the active layer, due to less recombination effect, which consequently increases the output electrical power and EQE. Results of the simulations are summarized in the Table 1 
Conclusion
In this research work, after analyzing the performance parameters of the P3HT/PCBM Planar Heterojunction (PHJ) by studying the electrical characteristics of the cell and photon absorption profile with varying the thickness of donor layer and acceptor layer, it can be concluded that, efficient P3HT/PCBM PHJ solar cell can be produced if the active layer is properly fabricated with thin donor layer and also with high exciton diffusion length, which can be done by tuning the doping concentration at the active layer. Thin donor layer also offers enhanced absorption of charge carriers at the active layer due to less recombination effect, which consequently increases the output electrical power. In this work, highest External Quantum Efficiency of 2.41% and Maximum Power Density of 24.10 W/m 2 has been obtained for exciton diffusion length of 20 nm and donor thickness of 50 nm.
